commencing treatment and are maintained over time, with a peak-trough fluctuation of only 14% on twice-daily dosing. 3 Although inactivation of ZNS occurs predominantly by hepatic metabolism involving CYP3A4-mediated reduction, this drug neither induces nor inhibits hepatic cytochrome P450 isoenzymes that are implicated in the metabolism of several antiepileptic drugs (AEDs). 4 However, enzyme-inducing AEDs increase its clearance, an interaction that may necessitate a dosage increase, but which will also permit more rapid attainment of steady-state ZNS concentrations. Otherwise, ZNS is essentially devoid of clinically significant interactions with other AEDs, oral contraceptives and, indeed, all other classes of therapeutic agents investigated to date. 5 The efficacy and safety of ZNS in partial epilepsy have been demonstrated in several pre-registration, randomized, doubleblind, placebo-controlled studies in which this drug was administered as adjunctive therapy in drug-resistant epileptic patients with partial epilepsy. [6] [7] [8] [9] Long-term open studies as well as doubleblind, placebo-controlled studies have demonstrated that ZNS has a good efficacy and tolerability profile, supporting its use as an adjunctive therapy for adult epileptic patients. [10] [11] [12] [13] [14] [15] A long-term open-label study 13 in 317 patients with refractory partial epilepsy who completed a fixed-dose, randomized, double-blind, add-on trial 4 showed that patient retention rates at 1, 2, and 3 years were 65.3%, 44.5% and 28.8%, respectively, comparable to those reported for other AEDs. In indirect comparisons of new AEDs based on meta-analysis of placebo-controlled add-on trials, ZNS had a middle ranking in terms of both response and withdrawal rates. 16, 17 In this study, we report the results of a pragmatic trial aimed at assessing the efficacy and safety of ZNS as an add-on therapy in patients suffering from partial seizures not adequately controlled despite treatment with up to three other AEDs. We also report the impact of ZNS on health-related quality of life.
We used an open-label methodology, very similar to routine clinical practice, with regard to inclusion criteria and dose escalation.
Methods

Study population
Patients 15 years or older with partial seizures, whether or not secondarily generalized, were eligible for enrolment. Patients had to have presented with an average of at least one partial seizure per 4 weeks (averaged over a 12-week period preceding study entry) despite the use of one or three AEDs. Partial seizures were classified according to the Commission on the Classification and Terminology of the International League against Epilepsy. 18 Patients were not allowed to be taking more than three concomitant AEDs at the time of study entry, with benzodiazepines being considered AEDs if taken on a daily basis for any indication. The AED regimen was required to have been stable for at least 4 weeks prior to study entry. Laboratory values less than two times the upper normal limits of serum ALT, AST, total bilirubin, BUN, or creatinine levels were allowed. Patients were excluded if they had diseases or conditions expected to unduly complicate management or evaluation. These included serious psychiatric disorders within the past 5 years, uncountable seizures or a history of convulsive status epilepticus within the last year, presence of known psychogenic nonepileptic seizures within the last year, progressive degenerative neurological disease, a history of nephrolithiasis, previous exposure to ZNS, participation in another clinical study of an investigational drug or device within 12 weeks of the selection visit, a history of questionable compliance to scheduled visits or medication intake, pregnant or lactating females, females of childbearing potential unwilling to utilize a medically acceptable birth control method, and visual field defects relevant to vigabatrin as a previous or concomitant AED.
Study design
This therapeutic confirmatory Phase IV open-label, single-arm study of patients with partial seizures began with a 12-week historical baseline period followed by a 16-week treatment period in 10 Korean centers. Prior to study commencement, the study protocol was approved by the Institutional Review Board of each participating center. It was conducted according to the International Conference on Harmonisation guidelines and the Declaration of Helsinki.
The study was divided into an up-titration period (first 4 weeks) and a maintenance period (last 12 weeks) as shown in Fig. 1 . At visit 1 (week 0), investigators obtained patients' written informed consent, collected demographic data and medical/surgical histories, and performed physical and neurological examinations, including vital signs and body mass. During the 4-week uptitration period, patients initially received ZNS 100 mg/day (V1) (administered qd). The dose was increased to 200 mg/day (administered bid) after 2 weeks and could be increased to 300 mg/day (administered bid) after an additional 2 weeks (V2) at the discretion of the investigator if it was clinically necessary to achieve maximum benefit. During the 12-week maintenance period, the ZNS dose was allowed to be increased from 200 mg/day to 300 mg/day or from 300 mg/day to 400 mg/day at V3 (week 8) if seizure control was insufficient, and decreased on a single occasion in patients who were receiving 300 mg/day if poorly tolerated. At week 16, patients made a fifth and final visit on completion of the study, at which time final data were collected. Those who elected not to continue ZNS therapy had their dose reduced gradually. Patients recorded the date, number, and type of seizures on a daily record card; each investigator coded the seizures experienced by his or her patients. Adverse events (AEs) were recorded at each visit based on spontaneous patient reports, investigator observations, responses to standard questions asked by the investigator, and events recorded on the patient daily record card.
Prior and concomitant therapy
The history of previous AEDs was investigated. For the purposes of study evaluation, the patients' concomitant AEDs had to remain constant during the study. Additional medication was allowed to be prescribed for the well-being of the patient; however, medication (other than AEDs) affecting the central nervous system was to be avoided unless the patient had been on a stable dose for at least the last 6 months before the first visit. Concomitant medication was maintained at the same stable dose throughout the study.
Efficacy and safety measurements
Efficacy end points were based on the frequency of seizures during the 16-week treatment period (titration and maintenance) compared with the 12-week baseline period as well as retention rate. The primary efficacy variables were the percent reduction from baseline in seizure frequency per week and the retention rate at week 16, defined as the number of subjects still treated with ZNS at the end of the 16-week treatment period divided by the number of patients in the intent-to-treat (ITT) population. Other efficacy variables included the median reduction in the frequency of seizures and seizure days per week, the responder rates, and the number of seizure-free patients. For patients who did not complete the 16-week treatment period, data up to withdrawal were used in the analysis of efficacy.
Other variables included global evaluation of disease evolution and quality of life. A validated Korean version of the original Quality of Life in Epilepsy Questionnaire (QOLIE-31) instrument 19, 20 was filled in at the selection visit and at the end of the 16-week treatment period or upon early withdrawal. Following the completion of treatment, the investigator provided a global evaluation scale rating to assess the overall change in the severity of the patient's illness compared to the start of study medication.
The rating was based on overall clinical impression (marked improvement, moderate improvement, slight improvement, no change, slight worsening, moderate worsening, and marked worsening). Safety was assessed according to AEs, physical and neurological examinations, and laboratory evaluations at visit 1 (week 0) and visit 5 (week 16). Physical examinations included measurement of vital signs.
Statistical methods
Safety analyses were performed on the ITT population, which included all patients who took at least one dose of ZNS. However, four patients who discontinued the study at the early stage without any post-treatment seizure count were not included in the efficacy analyses based on seizure count during the treatment period. 
Results
Demographics
A total of 121 patients were enrolled and formed the ITT population (Table 1) . Of these, 69 (57.0%) were male and 52 (43.0%) were female. Patients' ages ranged from 16 to 69 years, with a mean age (AES.D.) of 37.7 (AE11.2) years. All patients were Korean. The mean age (AES.D.) at onset of epilepsy was 21.2 (AE12.5) years and the mean duration (AES.D.) of epilepsy was 19.0 (AE11.8) years. The etiology of epilepsy was unknown in 55.4% of patients or attributed to hippocampal sclerosis including a history of significant brain insult or dual pathology (11.6%), cranial trauma (9.9%), atrophic change without a history of significant brain insult (9.1%), cerebral infection (1.7%), malformation of cortical development (2.5%), cerebral palsy without a history of significant brain insult (2.5%), vascular malformation (1.7%), stroke (1.7%), tuberous sclerosis (1.7%), perinatal injury (0.8%), neurofibromatosis (0.8%), and mental retardation without a history of significant brain insult (0.8%). The median (Q1-Q3) baseline seizure frequency was 0.50 (0.25-0.92) per week. The median (Q1-Q3) seizure days were 0.42 (0.25-0.83) per week. Ninety-three (76.9%) patients presented with at least one complex partial seizure, 37 (30.6%) patients with at least one secondarily generalized tonic-clonic seizure, and 13 (10.7%) patients with at least one simple partial seizure during the baseline 12-week period. Regarding the history of previous AED treatment, 54 (44.6%) patients had taken two or more AEDs prior to entry to this study. The majority (85.1%) of patients entered the trial on two or three concomitant AEDs. The most frequently used concomitant AEDs were lamotrigine, valproic acid, topiramate, and levetiracetam.
Of the 121 patients, 88 (72.7%) completed the 16-week treatment and 33 discontinued the study. Twenty-three patients withdrew due to an AE, three withdrew because of a lack of efficacy, and seven withdrew for other reasons (protocol violation in five, loss of follow-up in one, and withdrawal of consent in one). 
Efficacy
The four patients who discontinued the study (AE in two patients, withdrawal of consent in one patient, and lack of efficacy in one patient) without any seizure counts after baseline were not included in the efficacy analysis. A total of 117 patients were therefore analyzed. Overall, 90 patients (76.9%) experienced a reduction from baseline in seizure frequency per week over the study period; during the last 12 weeks, 84 patients (71.8%) experienced a reduction from baseline. In the ITT population (n = 117), the median (Q1-Q3) percent reduction in seizure frequency was 59.0% (Q1-Q3, 8.3-89.6%) over the treatment period (range, À3260.0 to 100.0%) (p < 0.001); during the last 12 weeks (n = 102), the median (Q1-Q3) percent reduction in seizure frequency was 68.5% (Q1-Q3, 18.0-96.3%) over the last 12-week treatment period (range, À4100.0 to 100.0%) (p < 0.001). The frequency of seizures decreased from a median (Q1-Q3) of 0.50 (Q1-Q3: 0.33-1.00) per week during the baseline period to a median of 0.25 (Q1-Q3: 0.06-0.88) per week over the treatment period. The median seizure frequency was 0.25 per week during the initial 4 weeks (n = 117, median reduction from baseline = 53.8%), remained at 0.24 per week during weeks 4-8 (n = 102, median reduction from baseline = 68.4%), then was 0.00 per week during weeks 8-12 (n = 91, median reduction from baseline = 100.0%), and remained at 0.23 during the last 4 weeks (n = 89, median reduction from baseline = 84.8%), as shown in Fig. 2 .
Over the treatment period, 57.3% (67/117) of patients had a 50% or greater reduction in seizures count, 38.5% (45/117) had at least a 75% reduction, and 21.4% (25/117) of patients had a 100% reduction. During the last 12 weeks, 54.7% (64/117) of patients had a 50% or greater reduction, 39.3% (46/117) had a 75% or greater reduction, and 21.4% (25/117) of patients had a 100% reduction. However, seizure freedom was obtained for a mean of only 6.1 weeks (2.0-12.1 weeks) in nine patients (AEs in six patients, protocol violation in two patients, and loss of follow-up in one patient). The mean weekly baseline seizure frequency (AES.D.) of 16 patients with seizure freedom completing the study was 0.34 (AE0.19) which was significantly lower than 1.32 (AE2.54) of the other patients (n = 101) (p < 0.001). The mean number of life-time AEDs (previous and concomitant) of 16 patients with seizure freedom completing the study was 3.0 (AE1.8) (range, 1-7) which tended to be lower compared with 3.9 (AE1.8) (range, 1-8) of the other patients (n = 101) (p = 0.054). The mean daily dose of exposure over the last 8 weeks of the individual titration period for 16 patients with seizure freedom completing the study was 256 (AE63) mg (range, 200-400 mg) which was significantly lower than 306 (AE67) mg (range, 200-400 mg) for 72 patients without seizure freedom completing the study (p = 0.009).
The median (Q1-Q3) percent reduction in seizure days was 59.3% (Q1-Q3, 5.4-90.1%) over the treatment period (range, À2420.0 to 100.0%) (p < 0.001); during the last 12 weeks, the median (Q1-Q3) percent reduction in seizure days was 73.0% (Q1-Q3, 15.7-95.1%) over the treatment period (range, À3050.0 to 100.0%) (p < 0.001). The frequency of seizure days decreased from a median (Q1-Q3) of 0.42 (Q1-Q3: 0.33-0.83) per week during the baseline period to a median of 0.24 (Q1-Q3: 0.06-0.79) per week over the treatment period.
At V3 (week 8), the ZNS dose was increased up to 300 or 400 mg in 25 patients because of insufficient seizure control; four patients had a 75% or greater reduction and three patients had a reduction of 50% or greater but less than 75%, while the remaining 18 patients had less than 50% reduction over the treatment period.
Global evaluation scale and QOLIE-31
According to the investigators, 69.4% of patients showed improvement (marked, 27.3%; moderate, 28.1%; (Q1-Q3, 8.33-89.6%) slight, 14.0%), while 17.4% of patients showed no change and 4.1% of patients worsened (moderate in two patients and marked in three patients). However, the total QOLIE-31 score did not improve. Seizure worry improved significantly (p = 0.013), but emotional well-being deteriorated (p = 0.007). Health status showed a tendency to improve (p = 0.086) ( Table 2) . Of the 97 patients evaluable for quality of life analysis, 49 (50.5%) experienced improvement in their overall QOLIE-31 score.
Safety
Two hundred and four treatment-emergent AEs were reported in 80 patients [(66.1%; mean frequency of 2.6 (AE1.8) per person]. Fifty-one patients (63.8%) had two or more AEs. AEs that emerged in 3% or more of patients during the treatment period are listed in Table  3 . The most commonly reported AEs were dizziness (28.1%), somnolence (24.0%), anorexia (18.2%), headache (14.0%), nausea (13.2%), and weight loss (10.7%). The majority (99.5%) of treatmentemergent AEs were mild to moderate in intensity. There were no significant differences in the proportion of patients with AEs (1 AED, 61.1%; 2 AEDs, 67.2%; 3 AEDs, 66.7%) and the mean frequency per person of AEs [1 AED, 0.9 (AE0.9); 2 AEDs, 1.8 (AE2.0); 3 AEDs, 1.8 (AE2.1)] according to the number of concomitant AEDs. Nine patients reported AEs leading to a reduction in the ZNS dose. Twenty-three patients discontinued the trial due to drug-related AEs except for one patient [mean frequency, 2.7 (AE1.9) per person; somnolence (n = 8), dizziness (n = 7), nausea and vomiting (n = 7), headache (n = 5), anorexia (n = 5), decreased weight (n = 5), asthenia (n = 4), amnesia or impaired judgment (n = 2), abdominal pain (n = 2), and tremor, palpitation, pyrexia, abulia, insomnia, rash, paresthesia, etc. in each one (permitting duplication)]. Five patients discontinued the trial within the first 4 weeks, 12 patients between 4 and 8 weeks, and five patients during the last 8 weeks (range, 0.7-13.1). Thirteen patients (59.1%) had two or more AEs. Two patients experienced serious AEs (multiple injuries due to a traffic accident and acute diverticulitis, respectively). These serious AEs were not considered to be related to ZNS treatment. Psychiatric AEs occurred in six patients (depression in two patients, abulia in two patients, and agitation, anxiety, and insomnia, respectively, in three individual patients). None of patients developed nephrolithiasis.
Neurological examination revealed nervous system abnormalities in 9.1% of patients at baseline; overall, no relevant changes were observed during treatment. Significant decreases in mean body weight and body mass index were found (65.7-64.0 kg; 24.2-23.5 kg/m 2 , p < 0.001). Body weight decreases of at least 5% from baseline occurred in 22 patients (range À3.5 to À10.0 kg; representing a weight decrease of 5.7-15.5% from baseline), and increases of at least 5% occurred in another two patients (range 3.3-6.3 kg; representing a weight increase of 6.3-7.6% from baseline). There was no significant difference between the proportions of patients who showed significant changes (normal to abnormal or abnormal to normal) in laboratory values of preand post-treatment (data not shown).
Discussion
The protocol in the present study followed the usual pattern of community-based clinical practice in that the dose adjustment of AED was flexible and patients with less severe epilepsy (median baseline seizure frequency, 0.5 per week) were recruited.
As expected, the efficacy results of this Korean open-label trial exceeded the results reported by placebo-controlled, doubleblinded clinical trials [6] [7] [8] [9] that reported significant increases in reduction in median seizure frequency (up to 41%) and responder rates (35-42%) following ZNS 400-600 mg/day. 21 During the 16-week treatment, ZNS reduced the weekly frequency of seizures by a median of 59.0%; 57.3% of patients experienced a reduction in seizures of !50%, 38.5% had a reduction of 75% or greater, and 21.4% showed seizure freedom, although only 13.7% maintained seizure freedom for the treatment period. A total of 90 patients (76.9%) experienced a reduction from baseline in seizure count. The median percent reduction in seizure days was 59.3%. These figures suggest that ZNS is efficacious as an adjunctive drug for the treatment of partial seizures although considering less refractory population in this study and overwhelming heterogeneity of noncomparative studies like this study. 22 The most common AEs in this study were dizziness, somnolence, anorexia, headache, and nausea, consistent with those reported in previous placebo-controlled trials. Furthermore, the number of patients (66.1%) who experienced treatment-emergent AEs were comparable or slightly lower: 67.9%, 70.9%, and 81.4% for patients receiving ZNS 100 mg/day, 300 mg/day, or 500 mg/day, 21 Although detailed data are not available regarding the total number of AEs in placebo-controlled trials, patients with AEs in this study may have had more AEs per person. The mean number of AEs among the 80 patients with AEs was 2.6 and the percentage of patients with more than one AE was 63.8%. Furthermore, the mean number of AEs in 22 patients with drug-related AEs that led to their premature withdrawal from the study was 2.7 and the percentage of patients with more than one AE was 59.1%. The high incidence of multiple AEs in patients may contribute adversely to the patients' overall safety despite the mild to moderate degree of severity of each individual AE. Premature withdrawal occurred more frequently between 4 and 8 weeks than the first 4 weeks (titration period), and nine patients withdrew prematurely due to AEs despite a seizure-free state. The high incidence of both multiple AEs and premature withdrawal may be related to the greater number of concomitant AEDs (37.2% with three concomitant AEDs) and the more rapid than optimal titration schedule. However, there were not significant differences in the proportion of patients with AEs and the frequency per person of AEs according to the number of concomitant AEDs, and only five of 22 patients prematurely withdrew ZNS due to drugrelated AEs during the titration period. In fact, the high efficacy but significant tolerability problems associated with ZNS that were found in this study appear to reflect the high rate of improvement in the investigators' global evaluation scale and the improvement in seizure worry without changes or deterioration in the other QOLIE scales.
Our results demonstrate that ZNS is effective in adult Korean subjects with uncontrolled partial epilepsy when administered at optimized doses of up to 400 mg/day, as evidenced by the high efficacy results, although these data were obtained only for shortterm period. However, adjunctive ZNS therapy was associated with tolerability problems in a significant number of patients, as evidenced by the high rates of premature withdrawal and multiple AEs per patient.
